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NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS
ADVANOE RESTRICTED BEPORT

FULL~-SOALE-TUNNEL INVESTIGATION OF A MULTIENGINE
PUSHBER PROPELLER INSTALLATION

By Herbert A. Wilson, Jr.
SUMMARY

Ag part of the investigation in the NACA full-gscale
tunnel of the characterietics of propeller installations
for multiengine airplanes, propellers designed especifi-
cally for pusher opcration behind fixed contravanes have
been tested on a large-scale model of a four-engine alr-
plane. In this installation, the wing trailing edge wase
twisted to serve as a contravane and to produce the ro-
tating inflow required for optimum propuleive efficleney.
Tests of this propeller without wing twist and a conven-
tional propeller were made for comparison.

Propulsive efficlencies of 88& percent wore obtalned
for the pusher propellere with the cortravanes, a value
which was about 3} nercent higher than that for the push-
er propellers alone. The efficiency of the conventional
pusher-~propeller installation was about the same as that
of the special propeller without contravanes and of the
same order as that obtainad with tractor installations,

INTRODUCTION

As part of the investigation in the NACA full-pcale
tunnel of the characterietics of propeller installatlions
on a large-scale model of a four-engine airplane (refer-
ence 1), propellers designed particularly for pusher
operation behind fixed contravanes have been tested. The
propellers were designed to operate in a rotating inflow
established by twisting the wing tralling edge. Airfoll
shank sectlons were employed on these propellers and
thelr piteh and blade-width digstributione were chosen to
minimize the axial and rotational momentum losses. The
effect on the propeller performance of pretwieting
the stream was determined by testing the propellers at
two contravane angles and without the contravanes.
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Comparative tests were also made with propellers of con-
ventional round-shank design.

The tests included measurements of the propulsive
characteristica of the different lnstallastions and surveys
of the veloclilty arnd the angularity in the slipstrecanm,

.thrust coefficient <.T_-—AP->

SYMBOLS

mass density of alr

proveller rctalicnal rpeed

alrspeed

blade angle at 0.76R

propeller diameter

propeller thrust (tension in proveller shaft)

increase in drag of model due to propeller

offective thrust

power lnput per propeller
pn® D4

power coefficient (__E__
pn® DB

propulsive efflelency (T = PD V)

advence-diameter ratio of propeller

rcesultant drag force on propeiler-model combination

. propeller~removed drag of model

yaw angle of alr astream
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q, free~stream dynamle pressure
q local dynamic pressure
o wilng chord

MODEL ARD TEST EQUIPMENT

The four-engine midwing-airplane model on which the
pusher propellers were installed had a span of 37.26 feet.
The wing sections were symmetrical and tapered in thick-
ness from 0.18c at the root to 0,10c at the tip. The
original wing had a plan form tapercd 4:1 with a root
chord of 7.28 feet and an area of 172 square feet (refer-
ence 1) but, for these tests, the chord was extended 20
percent at the tralling edge by means of a thin sheet-
metal flap that could be differentially deflected to
serve as a contravane (figs. 1 and 2). The horisontal
tall surfaces were removed to0 avold interferance wlith the
apparatus used for the slipstream surveys.

Four 25-horsepower electric motors installed in
the winges were used to drive the propellers and torques
were obtajned from an electrical calibration. Propeller
speeds were messured with an electrical tachometer.

Blade charecteristice for the two 42-inch-dlameter
propellers are given in figure 3. The conventional pro-
peller had Clark Y blade sections and the specilal pusher
design had NAOA l6-geries blade sections, The differen-
tial deflections of the trailing edge for the contravane
testes are given in figure 4.

TESTS

At an angle of attack correspondling to the high-—
speed flight condition, propulsive characterigtics were
determined for a blade—angle range appropriate to the
deslign conditions of the propellers for eack installation.
In this way, the peak of the envelope -of the propulsive—
efficlency curves was determined. The special pusher
propeller had o design blade angle of 400 and, with the
basic contravane twist (fig. 4), tests were made at
B = 40° and 45°. With 83 percent of the basic twist, 1t




vas thought possible that the maximum efficlency might
occur at s lower blade angle and accordingly tests were
made at B = 35° and 40°. TFor the tests of this propel—
ler without flap twist, the blade—angle range was ex—
tended to include values of from 25° to 40°, A gimilar
range of blade angles from 25° to 40° was used for the
tests of the conventional propeller.

In order to cover the range of V/nD for each pro—
peller, the torque wee held constant, the tunnel airspeed
was increcsed in steps from 30 to 100 milss per hour, and
the propeller speed was then reduced until zero thrust
was reached. Fcr each corbinatlon of tunnel speed and
propeller speed, the motor torgque and the aerodynamic
forces on the model were recorded. Propeller—removed
1ift and drag tests for the determination of the effec—
tive thrusts were made at all tunnel speeds.

The surveye of the slipstresmr dyrzmle preseure and
angularity were made along a vertiezl line through the
propeller axls in order thet tne measured strean angles
could be separnted resdily into yew sangles due to pro-
peller rotation and piteh anglee due to wing downwash.

RESULTS A¥D DISCUSSION

The cheracteristics of the proprller 1nstallations
are given as values of the provulsive efficiency n and
the thrust and power coefficiente OCp and Cp. The ef-
fective thrust of the propeller combirations was deter—
npined from the relation,

T —AD = D, — R

In which T — AD 1s the effective thrust of the propel-
ler installation, D, 1is the Areg of the model with the
propellers removed, and R 1g the drrg force measured
with the prepellers operating., Values of D, obtained
wlth the trelling—edge flaps undeflected were used in the
computetion of all the effective thrusts In order to
charge the drag of the twisted flaps for the contravane
tests against the propeller thrust.

The special pusher—propeller inetallation with .the
basic flap twist (fis. 4) gave a maximum propulsive effi-—
clency of 882 percent at a blade angle of 40° and a V/aD
of 1.8 (f1g.%5). Reducing the flep twist to 83 percent
of the basic value decreased tne maximum efficlency to
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87 percent (fig. 6) and did not appreciadbly change the
blade angle.or the. V/nD at whigh the_peak_occurred,
Without the pgontravenes, the maximum propulsive effl-
clency was 85 percent (fig. 7) at a blade angle of 40°
and occurred at the slightly higher V/aD of 1,84, The
conventlional propeller also gave a maximum efficlency

of 86 percent, but at a blade angle of 36° and & V/nD
of 1,45 (fig. 8). The propulsive characteristics for
all installations are summarized in table I, which in-
cludes for comparieson values obtalned from the tests of

‘reference 2 with a tractor installation of the special

pusher propeller,

The reasons for the variations 1n efficiency of the
pusher propeller are shown by the slipstream surveys
(f1g. 9). With the basic twist, the slipstream velocity
as shown by the curvee of slipstream dynamle pressure is
ffiform and the angularity is almost negligidle except in
the wake of the spinner and wing. This type of slip-
stream gatisfles the requirements for low axial and rota-—
tional energy losses. With 83 percent of the basic twist,
the angularity increameses 1n the direction to account for
the 1% percent decreamass in the efficliency. With no twist,
the angularity is about 89 at the edge of the spinner and
the s lipstream velocity 1s much lesf uniform eubstantiat—
ing the lower measured propulslve efflciency. The low
airspeed in the center of the slipstream 1s the wake of
the wing, the flaps, the splnner, and the blade—spinner
Junetures,

An additional effect of the contravanes 1s to increuse
the thrust and power coefficlente of the propeller by vary-—
ing emounts up to 40 percent at the 40° blade angle with
the basic flap twist (table I). This incresse is equiva—
lent to an increase in solidity and results from the
higher anglea of attack and relative velocities of the
propeller blade sections caused by the rotating inflow.

The lower blade angle for the maximum efficiency of
the conventional propeller 1s due to 1ts piltch distridbu—
tion (f1g. 3) and to the increased detrimental effects of
the round blade shanks at high blade angles. In these
respects, the conventional propeller 1leg similar to most
of the propellers in use at present. The thrust and
power coefficients for this propeller were from 15 to 30
Percent less than for the pusher propeller, owing to 1ts
consliderably lower solldity,

The propulsive characteristics of the tractor instal-
latlon given in table I have about the same values as for



the pusher propeller without contravanes. The efficiencies
shown are from 1 t0 2 percent lower, but the tests lack
sufficient experimental accuracy and similarity to Jjustify
a comparison of the relative merits of pusher and tractor
installations. The results do serve to show, however,

that no large difference is. to be expected between aerocdy-
namically clean pusher— and tractor—propeller installations
in the blade—angle range of these tests.

- For high—svpeed airplanes in which propelleriblade
angles in the range of 500 to 600 are required, the gains
due to the use of contravanes with pusher—propeller instal-—
lations may be somewhat larger than those measured in these
tests.,

SUMHARY CF RESULTS

~ The results of this invesiigation show that gains in
efficiency of about S% percent st a blade angle of 40° can
be obtuained by the use of contrevenes with specially de-—
signed pusher propeilers, Tre contravanez: also give an
increase in the power absorrtion of the propellers ecuiva-—
lent to an increase in the solidity. Withcut the contra-—
vanes, the special nropelier guve a maxlauw propulsive
efficiency of B5 percent at a vlade angle of 40°%, which
was abocut trke same as the peak efficiercy obtained with a
conventional pusler-vnropeller installation. The effi-
clenctes obtained witi: the special and the conventionsl
propellers withcut the contravanes were about the same as
were obtained with the tractzr instullation of these pro—
rellers,

Langiey Memorial Aeronautical Laboratory,
National Advisory Comwittee for Aeronautics,
Langley Field, Va. .
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TABLE I

SUMMARY OF THE PROPULSIVE CHARACTERISTICS

Characteristics at maximum

Blade efficiency
Propveller installation |[angle,B —-
' 1 V/uD Cp Cop
(deg) |(percent)

Special pusher propeller 40 88.5 1,8 |0.267(0.131
with basic contravane 45 85.5 2.2 .388| .151
twist

Special pusher propeller 35 85 1.5 .1801 .102
with 83 percent of 40 87 1.8 252, .,122
basic contravane twist

Specisl pusher propeller 25 | 80 .92 .104 ,0905
without contravsnes 30 84 1.21; .130! .090

25 84 1.41 172 .103
40 85 1.84 . 193 .089
l

Conventional propeller 25 g4 *1.00{ .070} ,0K9
in a pusher instslla— 30 } 84,5 !1.z251 .090| .061
tion 35 | 85 1.45| .130] .076

40 : 82 i 1.75 . 160 .Q07H
! .

Specinl pusher propeller b i 84 1.56) .140; .075
ueced in a tractor 40 | 83 1.80] .206; .095
installation (from 45 83 2,056 287 .116

tests of reference 2)
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Figure 1l.- The four-engine airplane model installed in the full-scale
tunnel with special pusher propellers and twisted flaps.
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Figure 2.- The four-engine airplane model installed in the full-scale
tunnel with conventional propellers and without flap twist.
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Figure 3.~ The blade characteristics for the test propellers.
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Figure 9.- Surveys of the air flow in the slipstream.
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(a) Propulsive efficiency

(b) Thrust coefficient

(c) Power coefficient

Figure 8.- Propulsive characteristics for the conventional propeller.
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